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A synopsis of the nomenclature, taxonomy and geographical distribution of Pe/argonium graveo/ens L'Herit. and 
P. radens H.E. Moore, two closely related species, are presented. They are both octoploids (2n = 88), and clearly 
advanced species within the section Pelargonium. Morphologically they are very similar, differing in leaf characters 
only. The composition of their essential oils, published for the first time, is almost identical. The isomeric terpenes 
citronellol, geraniol, linalol and nerol, responsible for the rose scent of geranium oil, are either lacking or present in 
very small quantities (always < 0,5% of the total yield). The existence of hybrids between P. graveo/ens and P. 
radens, confirms their close relationship. 
'n Samevatting van die nomenklatuur, taksonomie en geografiese verspreiding van die twee naverwante spesies, 
Pe/argonium graveo/ens L'Herit. en P. radens H.E. Moore, word gegee. Hulle is beide oktaplo"iede (2n = 88) en 
ongetwyfeld gevorderde spesies in die seksie Pe/argonium. Hulle vertoon baie morfologiese ooreenkomste en kan 
slegs op grond van blaarkenmerke van mekaar onderskei word. Die samestelling van hulle essensiele olies wat nou 
vir die eerste keer gepubliseer word, is bykans identies. Die isomeriese terpene citronellol, geraniol, linalol en nerol 
wat verantwoordelik is vir die kenmerkende roosgeur van geraniumolie, ontbreek of is slegs in klein hoeveelhede 
teenwoordig (altyd < 0,5% van die totale opbrengs). Die voorkoms van hibriede tussen P. graveo/ens en P. radens 
bevestig hulle noue verwantskap. 
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Introduction 
Pelargonium graveolens L'Herit. (1789) and P. radens H.E. 
Moore (1955) , two aromatic species of the section Pelargo-
nium, have always been associated with the production of 
geranium oil. Some of the hybrids or cultivars grown for 
geranium oil are erroneously referred to as P. graveolens or 
P. radens (Willdenow 1800; Knuth 1912; Holmes 1913). 
The Pelargonium cultivar (cv. Rose) grown on the Island of 
Reunion since 1896 for example, is often referred to as P. 
graveolens. However , neither P. graveolens nor P. radens 
has the strong rose scent of cv. Rose. The origin of the cv . 
Rose will be discussed in another paper. The aim of this 
paper is to compare the morphological characters and the 
essential oils of P. graveolens and P. radens. 
water-absorbent paper (Marcherey Nagel MN 612 wa) to 
remove all traces of water. 
Materials and Methods 
Material of P. graveolens and P. radens was collected in dif-
ferent localities in South Africa. Stem cuttings were grown 
in the Botanical Garden of the University of Stellenbosch. 
From these cultivated plants , stem cuttings were obtained 
and grown in the nursery at Petite France (1 350 m), Reu-
nion . This material was used for the chemical analyses of 
the essential oils. Voucher specimens of all the material col-
lected, are housed in the herbarium of the Department of 
Botany, University of Stellenbosch (STEU). 
Leaf material for the scanning electron microscopic in-
vestigation was fixed in FAA. After dehydration in a gra-
ded series of ethanol, the specimens were prepared by criti-
cal point drying with liquid CO2 , They were sputter coated 
with gold and viewed with an ISI-WOA scanning electron 
microscope. 
Essential oils were obtained by steam distillation in a 
Clevenger's glass apparatus modified for small quantities . 
Before analysis, the essential oils were filtered with a 
In order to ensure that none of the components have 
been transformed during steam distillation, hexane ex-
tracts were used as controls. The extracts were filtered as 
described above and the solvent removed at reduced pres-
sure at 50°C. 
The essential oils and solvent extracts were analysed by 
gas chromatography (GC). Two different fused silica capil-
lary columns (50 m x 0,32 mm) of different polarities (PEG 
20M and OV 101) were used. The conditions were as fol-
lows: operating voltage 250, carrier gas hydrogen, flame 
ionization detector (FlO), temperature of injector port 
250°C, temperature of detector 260°C, column tempera-
ture 70°C to 210°C at 2°C min -1 . 
Compounds were identified by comparison of their 
Table 1 Material studied 
Species 
p, graveolens 
p, radens 
P. graveolens 
x 
P. radens 
P. radens 
x 
P. graveolens 
STEU 
nr. 
1261 
1897 
1211 
1369 
1671 
1897 
1369 
1671 
1261 
Collector 
& number 
Van der Walt 
690 
Fischer 105 
Geldenhuys s.n. 
Ward s.n. 
Van der Walt 
845 
Van der Walt 
1550 
Van der Walt 
1551 
Grid 
Locality ref. 
Howieson's Poort , 3326AD 
Grahamstown 
Berg River , 3326BC 
Grahamstown 
Saasveld, 3322DC 
near George 
Grahamstown 3326BC 
De Vlug, 3323CC 
near George 
Petite France , 
Reunion' 
Petite France, 
Reunion 
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retention times with those of authentic samples, gas chromato-
graphy-mass spectrometry (GC-MS) and Koval's indexes. 
A summary of the material studied is given in Table 1. 
All the numbers mentioned were used for analysing the es-
sential oils. 
Results 
Synopsis of the nomenclature and morphological features 
of P. graveo/ens and P. radens 
The section Pelargonium of the genus Pelargonium L'He-
rit. was taxonomically revised by van der Walt (1985) . 
P. radens is well illustrated in Volume 1 of Pelargoniums of 
southern Africa (van der Walt 1977), and P. graveolens in 
Volume 3 of this series (van der Walt & Vorster 1988). It 
will therefore suffice to summarize the nomenclature and 
the morphological characters, as well as differences be-
tween these two species in this paper. 
Pelargonium graveolens L'Herit. in Aiton, Hortus 
Kewensis edition 1,2 : 423 (1789). Iconotype: L'Heritier , 
Geraniologia: t.17 (1792) . 
P. graveolens is an erect and much-branched shrub up to 1,3 
m high and 1 m in diameter. The young stems are villous to 
densely villous and herbaceous, but they become glabrous 
and woody with age. Its leaves are palmatipartite to pin-
natisect with irregularly pinnatipartite to pinnatisect seg-
ments, they are villous and soft to the touch. The margins of 
the segments are more or less revolute (Figure 1) . Num-
erous glandular hairs occur on the young stems and leaves. 
The white to pinkish-purple flowers are borne in 3-5(- 7)-
flowered pseudo-umbels. 
Figure 1 Scanning electron micrograph of the abaxial leaf surface of 
P. graveolens illustrating the revolute margin (Van der Walt 690). 
Scale bar 200 !Lm. 
Pelargonium radens H.E. Moore in Baileya 3,1: 22 
(1955). Iconotype: Cavanilles, Dissertationes 4: 262, t. 101, 
fig. 1 (1787) . 
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P. radens is an erect and much-branched shrub up to 1,5 m 
high and 0,75 m in diameter. The young stems are sparsely 
to densely hirtellous and herbaceous, but they become 
glabrous and woody with age . Its leaves are palmatisect to 
pinnatisect with narrow, irregularly pinnatisect segments, 
they are hirsute and hard to the touch. The segments are 
adaxially grooved and their margins prominently revolute 
(Figure 2). Numerous glandular hairs occur on the young 
stems and leaves . The pale purple to pinkish-purple flowers 
are borne in 3-5(-8)-f1owered pseudo-umbels. 
Figure 2 Scanning electron micrograph of the abaxial leaf surface of 
P. radens illustrating the prominently revolute margin (Geldenhuys 
s.n.). Scale bar 100 100 !Lm. 
It is quite clear from the two short descriptions that the two 
species can only be distinguished by leaf characters. The 
differences berween the two species can be summarized as 
shown in Table 2. 
Table 2 Differences between P. graveo/ens and 
P. radens 
P. graveolens 
- Leaves villous and soft to 
the touch 
- Leaf segments at least 
3 mm wide 
- Leaf segments adaxially 
flat 
- Leaf margin revolute 
P. radens 
- Leaves hirsute and hard to 
the touch (almost scabrous) 
- Leaf segments less than 3 mm 
wide 
- Leaf segments adaxially 
grooved 
- Leaf margin prominently 
revolute 
The indumentum of the leaves constitutes one of the 
main differences between the two species, and to illustrate 
these differences a detailed study of the trichomes has been 
made. Two main types of trichomes , viz. non-glandular 
hairs and glandular hairs, occur in both species. 
P. graveolens has one type and P. radens two types of 
non-glandular hairs . The non-glandular hairs of P. graveo-
lens (Figure 3) are relatively long, unicellular or bicellular, 
usually straight, and they are usually borne on a podium 
composed of raised epidermal cells. Both types of non-
glandular hairs of P. radens can also be unicellular or bi-
cellular, but they are much shorter than those of P. graveo-
lens. One type is spiny (Figure 4), usually curved and borne 
S. Afr. 1. Bot., 1988,54(6) 
Figure 3 Scanning electron micrograph of the abaxial leaf surface of 
P. graveolens illustrating the non-glandular hairs (Van der Walt 690). 
Scale bar 25 f.Lm. 
on a podium of raised epidermal cells. The other is straight 
(Figure 4) and without a podium. The surfaces of all the 
non-glandular hairs in both species can be warty or smooth. 
Two types of glandular hairs (Figure 4), differing in size 
and structure, can be distinguished in both species. The 
small type consists of a spherical to slightly elongated uni-
cellular head, and a tricellular uniseriate stalk. The large 
type of glandular hair consists of a spherical unicellular 
head and a four-celled stalk. The basal cell of the stalk is 
much larger than the three distal cells. 
It has not yet been determined whether the composition 
of the essential oils secreted by these two types of glandular 
hairs differs. 
Chromosome numbers 
P. graveolens and P. radens are both octoploids with a so-
matic chromosome number of 2n = 88 (Albers & van der 
Walt, 1984). 
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Figure 4 Scanning electron micrograph of the leaf margin of P. 
radens illustrating the four trichome types (Ward s.n.). L, large type 
of glandular hair; S, small type of glandular hair. Scale bar 25 f.Lm. 
Yields and composition of essential oil 
Steam distillation of the leaves of P. graveolens and P. ra-
dens produces large quantities of essential oil. 
In P. graveolens the yield (vim) represents 0,4 to 0,8% 
of the fresh plant material distilled (2,0 to 4,0% dry weight) 
and in P. radens 0,8 to 1,2% (3,7 to 5,5% dry weight). 
The composition of the essential oils of P. graveolens 
(Figure 5) and P. radens (Figure 6) is very similar. All 
the main components are the same, and they are repre-
sented in the same relative quantities (Table 3). The ma-
jor compound is a cyclic monoterpenic ketone, (-)iso-
menthane, which usually represents more than 80% of 
the total yield. The other main compounds are men-
thane (± 2%), and several acyclic (myrcene, ocimene) 
or cyclic (limonene, phellandrene) monoterpenic hydro-
carbons. There are quantitative and qualitative differences 
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Figure 5 Gas chromatograph of the essential oil of P. graveo/ens (see Table 3). 
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Figure 6 Gas chromatograph of the essential oil of P. radens (see Table 3). 
Table 3 Composition of the essential oil of P. graveo/ens, P. radens and artificial hybrids between 
the two species 
Peak numbers Percentages of total yields 
Figure 5 Figure 6 Figure 10 Main compounds P. graveo/ens P. radens Hybrids 
4 cis-3-Hexenol t 
9 13 1 Tricyciene 0,2-D,4 0,3--D,4 0,2-D,4 
10 14 2 a-pinene 0,4--D,6 0 ,4--D,5 0 ,3--D,7 
15 18 3 j3-pinene 0,2-D,4 0 ,2-D,3 0, 1-D,4 
16 19 4 Myrcene 3 ,~5 ,0 3 ,~,0 2,9--5 ,4 
18 21 5 a-phellandrene 0,9--1 ,3 0,9--1 , I 0,8--1 ,8 
21 24 6 p-cymene + j3-phellandrene 0,7-D,9 0 ,7-1,1 0,5-1 ,1 
22 25 7 Limonene 1 ,~1 ,8 0,9-1 ,7 1,3-2,5 
23 26 8 cis-j3-ocimene 2,2---{j ,0 1,4--3 ,4 2,7-5 ,5 
25 28 9 Irans-j3-ocimene 0,3--D,6 0,1-D,4 0,3--D,5 
34 39 10 Linalol t-D,8 0 ,3--D,5 0,2-1 ,0 
44 50 11 Menthone 1,6--1,8 1,8--2 ,3 1,4--2 ,2 
45 52 12 Isomenthone 75 ,~3 ,0 79 ,5--S4,9 76,5-85 ,1 
49 57 13 Not identified 0,1-D,2 0,2 0 ,1-D,2 
50 58 14 a-terpineol 0,1-D,2 0,1-D,2 0, 1-D,2 
57 66 15 Citronellol 0,1-D,5 0,1-D,2 0,1-D,4 
60 70 16 Piperitone 0,2-D,4 0 ,2-D,3 0,1-D,3 
74 90 17 j3-copaene 0,2-D,4 0,1-D,2 0,1-D,3 
91 18 j3-bourbonene 0,1-D,2 0,1 
97 19 Gaiadiene-6,9 0,1-D,2 0, 1 
92 104 20 Germacrene 0 0,6--1, I 0,3-1 ,1 0,8--1,6 
94 107 21 f-elemene 0,3 0,3--D,5 0,1 
96 Not identified 0,4 
102 111 22 f-cadinene 0,9 0,1 0,7 
108 114 23 Nerodinol 0,6--1,6 0,3--D,4 t-D,8 
109 24 Phenylethyl tiglate 0,6--D,8 0,3-1 ,5 
t = traces 
in the minor compounds, notably the presence of phenyl-
ethyl tiglate in P. graveolens but not in P. radens. 
[)-bourbonene and gaiadiene-6,9 seem to only occur in P. 
radens. 
The northern distribution area stretches from Mozambique 
and Zimbabwe to the northern Transvaal. It grows 
in mountainous habitats in the northern Transvaal and 
occurs from the Blouberg (23°29') in the west to Wolkberg 
(24°30') in the east. This distribution area receives an an-
nual rainfall of ± 750 mm, mainly during the summer 
months (September-March). The summers are hot and the 
winters mild. 
Geographical distribution 
P. graveolens and P. radens are both natives of southern 
Africa (Figure 7). P. graveolens shows a disjunct distribu-
tion pattern, the distribution area in the north being sepa-
rated from the southern one by approximately 1 ()()() km. 
The southern distribution area of P. graveolens is in the 
eastern Cape, in the districts of Port Elizabeth (33~5') 
S. Afr. J. Bot. , 1988,54(6) 
and Grahamstown (33°26'). This area receives an annual 
rainfall of ± 700 mm, almost evenly spread throughout the 
year. P. graveolens grows in semi-shaded localities, often in 
close proximity to streams. 
P. radens occurs from Tulbagh (33°19') in the south-
western Cape, eastwards along the coast to Engcobo in 
Transkei (31°27'). It is particularly common in the coastal 
regions of the southern Cape. In the south-western Cape it 
receives winter rains (± 800 mm per annum) , in the south-
ern Cape, winter as well as summer rains (± 900 mm per 
annum) , and in the eastern Cape and Transkei , predomi-
nantly summer rains (± 700 mm per annum) . It is usually 
found in mountainous habitats. Except for the moisture 
requirements, it is apparently adapted to a wide range of 
climatic conditions especially as far as temperatures are 
concerned. When growing sympatrically with P. graveo-
lens, it usually grows in drier habitats. 
Figure 7 Known geographical distribution of P. graveo/ens and P. 
radens in the southern Africa Flora region. 
Hybrids between P. graveo/ens and P. radens 
When growing sympatrically, P. graveolens and P. radens 
form natural hybrids. The hybrids are partially fertile and 
can be identified by intermediate leaf characters. These leaf 
characters vary from plant to plant , resembling those of the 
parent species proportionally. 
P. graveolens and P. radens were artificially hybridized to 
prove the identity of the natural hybrids. The artificial hy-
brids are also only partially fertile and their leaves resemble 
those of the natural hybrids. The variation of leaf charac-
ters is the same as in the natural hybrids . The long non-
glandular hairs of P. graveolens, as well as the short and 
spiny ones of P. radens, are present on the leaves of these 
hybrid plants (Figure 8). The large and small glandular 
hairs occurring in both parents, are also found in the hy-
brids (Figure 9). Like the parent species, they are also octo-
ploids (2n = 88). The composition of the essential oil of the 
hybrids is almost intermediate between that of P. graveo-
lens and P. radens (Figure 10, Table 3). Phenylethyl tiglate 
present in P. graveolens but lacking in P. radens, occurs in 
the hybrids. ~-bourbonene and gaiadiene-6,9, apparently 
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Figure 8 Scanning electron micrograph of the abaxial leaf surface of 
an artificial hybrid between P. graveolens and P. radens illustrating 
revolute margin and types of non-glandular hairs. Scale bar 100 J-lm. 
- !! 
. ; 
Figure 9 Scanning electron micrograph of the abaxial leaf surface of 
an artificial hybrid between P. graveolens and P. radens illustrating the 
types of glandular hairs. L , large type of glandular hair; S, small type 
of glandular hair. Scale bar 50 J-lm. 
restricted to P. radens, are also present. The production of 
essential oils in some of the hybrids appears to be slightly 
higher than those in the parents (0,3 to 1,7% of the fresh 
material distilled, 2,0 to 7,0% dry weight). 
Discussion and Conclusions 
The section Pelargonium is considered to be the most pri-
mitive section in the genus on account of its woody and 
shrubby habit , simple leaves , and five-petalled flowers with 
seven fertile stamens (van der Walt 1985). A recent wood 
anatomical study of the genus Pelargonium confirmed this 
assumption (van der Walt et at. 1987). Albers & van der 
Walt (1984) concluded that the basic chromosome number 
of the section Pelargonium is x = 11, which is probably also 
the basic number for the genus. The chromosomes of the 
section Pelargonium are relatively small compared with 
those of other sections in the genus. P. graveolens and P. 
radens are both octoploids (2n = 88), and they are probably 
advanced species within the section Pelargonium. 
622 S.-Afr. Tydskr. Plantk. , 1988, 54(6) 
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Figure 10 Gas chromatograph of the essential oil of an artificial hybrid between P. graveolens and P. radens (see Table 3). 
Morphological characters , chromosome numbers and 
essential oil composition indicate a close relationship be-
tween P. graveolens and P. radens. Their taxonomic deli-
mitation is obscured by the occurrence of natural hybrids 
with intermediate phenotypic characters and with the same 
chromosome number as the parent species. The existence 
of hybrids is another confirmation of their relationship. The 
partial fertility of the hybrids , however, indicates that they 
should be considered as different species. 
The isomeric terpenes citronellol, geraniol, linalol and 
nerol responsible for the typical rose scent of the cv. Rose 
commercially grown on the island of Reunion, are either 
lacking or present in very small quantities in P. graveolens 
and P. radens . The mint scent in these two species is due to 
large quantities of (-)isomenthone in the essential oils . We 
have already established that the cv. Rose is an F1 hybrid 
with a somatic chromosome number of 2n = 77 (Payet 
1982), and it seems most likely that P. graveolens or P. 
radens is one of the parent species. 
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